System setup: The phase segregated bilayers are conform with the ones published in the original PNAS publication (3) . Each of them consisted of 828 DPPC lipids, 540 DLiPC lipids, and 576 Cholesterol molecules. The 22nmx22nmx22nm double membrane systems contained 50000 solvent beads in total. The degree of phase separation in this model system is likely exaggerated because of (i) the usage of the highly polyunsaturated lipid DLiPC and (ii) the exaggerated ordering of the here-used coarse grained cholesterol mimic (4, 5) . The line tension is estimated to be about 10-fold larger (6, 7) than the experimentally reported value of < 1 pN. This however emphasizes the argument that the attraction toward the phase boundary is not line tension determined.
We induced the initial stalk in the bilayer fusion setup by applying an external field. Here, we applied the a cylindrical harmonic potential (50 kJ nm − 2 mol − 1) to induce a cylindrically shaped 'void' of 1.0 radius in the solvent layer between the bilayers. The hydrophobic nature of the void attracts the lipid tails in the adjacent leaflets and results in the formation of a stalk. After the stalk formation, the external field was removed to allow for an additional 4 µs of equilibration of the stalk structure.
Membrane separation distance: The inter-membrane separation distance d w was defined based on the number of entrapped solvent beads N between the two membranes,
, where 8.431 (nm −3 ) is the average number density (at 295K) and L X L Y (nm 2 ) the total membrane area. The here-simulated values where: 2585 beads = 6.6Å, 3499 beads = 8.8Å, 3829 beads = 9.6Å, 4522 beads = 11.2Å, and 10915 beads = 28.6Å.
The location of the stalk was determined by finding the 'hole' in the solvent layer which is entrapped between the two apposed membranes (see Fig. 1 ). To this aim, the solvent density was projected on an 2D 80x80 grid within the xy-plane for each snapshot. Each solvent bead was modeled as a circle with a radius of 0.35 nm (uniform voxel density). The largest hole (cluster) found in the density matrix is defined as being the stalk. The advantage of mapping solvent density rather than cross-sectional lipid density is that the cross-sectional plane based on solvent is relatively insensitive to membrane curvature. at similar positions with respect to the phase boundary. The stalk conserves the distance to the phase boundary during its worm-like elongation. Elongation of the stalk therefore actively deforms the shape of the domains. (b) A stalk formed at an apparently not optimal location migrates through the ld phase toward the phase boundary. Note that the kinetics of stalk formation under low hydration is expected to be rather sensitive to the initial configuration/setup because of the introduction of 'solvent cavities'.
